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PROB^M T° B ^ SOLVED: To produce a silicon single crystal having 
extrerri e, y low defect density under stable conditions by adjusting a furnace 
inside structure so as to reduce the radial-directional inclination 'of the 
tempe^ ature gradient in the pulling-up direction within the crystal and also 
contro" in S the relation between the temperature gradient and the pulling- 
up rat^- 

SOLU^ ION:In this production process, as a furnace structure, an annular 
solid-li c|U ' c ' interface heat-insulating material 8 is placed above a melt 
surface 3 in the outer peripheral space of the liquid part in the vicinity of 
the sol icHic * uid interface of a growing single crystal bar 1, so as to be able 
to con* ro1 a temperature region in the range of the crystal melting point to 
1,4000*°' of the single crystal bar 1, in the vicinity of the melt surface 3. 
When e ome conditions other than the furnace structure are changed to 
cause 2 temperature gradient inclination in the radial direction from the 
periph^ to the center of a single crystal, a space S between the lower 
end of the annular solid-liquid heat-insulating material 8 and the melt 
surface 3 is ad J us ted, for example, to a value within the range of 1 to 10 
cm, to control the difference in temperature gradient between the 
periphe ral P art and the central part of the crystal. Thus, in at least a part 

of the crystal, extending in the growth direction, the whole surface in the radial direction of the crystal /becomes 
an N re&on (neutral region) having extremely low defect density by, for example, changing the single crystal 
pulling-" up rate ' wherein the N region has no silicon atom deficiency or excess. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] [ when manufacturing a silicon single crystal with the Czochrlski method ] at least in a part of growth 
direction As the whole surface of the direction of a path of a crystal serves as N-field, when pulling up a crystal, 
manufacture conditions other than the structure in a furnace of a pull-up furnace are changed. The direction distribution 
of a path of temperature gradient [ between 1400 degrees C ] G (temperature variation / crystal orientation die length) 
[**/mm] inclines from the melting point near [ under crystal ] the solid-liquid interface. Therefore, it separates from a 
certain range where the V/G [mm2 / **, and min] value when setting a crystal pulling rate to V [mm/min] serves as N- 
field. The manufacture approach of the silicon single crystal characterized by adjusting the structure in a furnace of a 
pull-up furnace, making the inclination of the direction of a path of G small, and making V/G value into a value which 
serves as N-field all over the direction of a path when it stops becoming N-field all over the direction of a path. 
[Claim 2] It is the manufacture approach of the silicon single crystal indicated to claim 1 characterized by for 
accommodation of the structure in a furnace of said pull-up furnace preparing an annular solid-liquid interface heat 
insulator in the periphery of the solid-liquid interface of a crystal, and performing it by adjusting spacing [ of this heat 
insulator lower limit and a melt side ] S [mm]. 

[Claim 3] The manufacture approach of the silicon single crystal indicated to claim 1 or claim 2 characterized by 
adjusting the structure in said furnace to fluctuation of magnetic field strength when manufacturing a silicon single 
crystal with the Czochrlski method which impresses a magnetic field. 

[Claim 4] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 characterized by 
adjusting the structure in said furnace to fluctuation of a crystal rotation rate when manufacturing a silicon single crystal 
with the Czochrlski method thru/or claim 3. 

[Claim 5] When the direction distribution of a path of G changes with fluctuation of manufacture conditions other than 
the structure in a furnace, use at least two or more kinds of structures in a furnace on the manufacture condition, and the 
pull-up which makes a pull-up rate increase gradually and which pulls up or is made to dwindle a pull-up rate is carried 
out. The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 characterized by finding 
out structure in a furnace which serves as N-field all over the direction of a path at the time of a certain pull-up rate 
thru/or claim 4. 

[Claim 6] The manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 characterized by 
finding out the structure in a fUrnace which analyzes the effect using a correctly calculable simulator, and serves as N- 
field all over the direction of a path when the direction distribution of a path of G changes with fluctuation of 
manufacture conditions other than the structure in a furnace thru/or claim 4. 

[Claim 7] When the direction distribution of a path of G changes with fluctuation of manufacture conditions other than 
the structure in a furnace When the simulator which cannot calculate the effect correctly or does not perform such a 
comparison is used, [ whether the simulator is doubled with the experimental result obtained before changing 
manufacture conditions, and ] Or look for conditions which suit an analysis result and the value, and V/G value which 
broke the pull-up rate V of the crystal pulled up on the condition by G which can be found from analysis is compared. 
V/G value previously calculated when V/G value of each boundary of defective distribution were quantified, then 
conditions other than the structure in a furnace changed and defective distribution changed, The pull-up rate of a crystal 
and defective distribution which were newly pulled up on the conditions which changed are compared. After counting 
backward and calculating the value of G, calculating the amount of amendments from count G value to the actual G 
value in that condition, analyzing structures in a furnace various next and carrying out this amendment to that result The 
manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 characterized by finding out the 
structure in a furnace where the whole surface of the direction of a path serves as N-field by looking for the structure in 
a furnace where **G becomes min thru/or claim 4. 
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[Claim 8] In said defective distribution map, dwindle a pull-up rate at a low speed from a high speed, or when 
increasing a pull-up rate gradually at a Itfk speed from a low speed At least one or in Rhine which boundary 
Rhine of inside Rhine of an OSF ring, l^pde Rhine of an OSF ring, a V-rich field S^Rsf-field, and an I-rich field side 
N-field and a dislocation loop begin to generate are quantified with V/G value. When manufacture conditions other than 
the structure in a furnace change When the same pull-up is performed and defective distribution changes, pull up with 
V/G value calculated previously, and the value of G in each boundary location is counted backward in the direction of 
the diameter of a crystal using a rate. After calculating the amount of amendments from count G value to the actual G 
value in that condition, analyzing structures in a furnace various next and carrying out this amendment to that result The 
manufacture approach of the silicon single crystal indicated in any 1 term of claim 1 characterized by finding out the 
structure in a frirnace where the whole surface of the direction of a path serves as N-field by looking for the structure in 
a furnace where **G becomes min thru/or claim 4. 

[Claim 9] The manufacture approach of the silicon single crystal characterized by to pull up with the temperature 
distribution in a pull-up furnace, to adjust a rate when manufacturing a silicon single crystal with the Czochrlski 
method, and to pull up a crystal according to the structure in a furnace which becomes below the greatest **G 
corresponding to minimum pull-up rate range-of-fluctuation **[ of each pull-up furnace proper ] V [mm/min] when 
expanding N-field formed in the direction of a path of a crystal at least to the shaft orientations of a crystal. 
[Claim 10] The manufacture approach of the silicon single crystal indicated to claim 9 characterized by adjusting the 
structure in a furnace and pulling up a crystal so that it may become below the [**/mm] value to **V [mm/min] of each 
of said pull-up furnace proper. [ **G which can be found due to **G=-6.5**V+0.1785 ] 

[Claim 1 1] [ when manufacturing a silicon single crystal with the Czochrlski method ] at least in a part of growth 
direction As the whole surface of the direction of a path of a crystal serves as N-field, when pulling up a crystal, the 
structure in a furnace of a pull-up furnace changes. The direction distribution of a path of a temperature gradient G 
inclines, therefore when it separates from a certain range where V/G value serves as N-field and N-field stops becoming 
all over the direction of a path, manufacture conditions other than the structure in a furnace of a pull-up furnace are 
adjusted. The manufacture approach of the silicon single crystal characterized by making the direction inclination of a 
path of G small, and making V/G value into a value which serves as N-field all over the direction of a path. 
[Claim 12] The manufacture approach of the silicon single crystal indicated to claim 1 1 to which said manufacture 
conditions to adjust are characterized by being magnetic field strength. 

[Claim 13] The manufacture approach of the silicon single crystal indicated to claim 1 1 or claim 12 to which said 
manufacture conditions to adjust are characterized by being a crystal rotation rate. 

[Claim 14] The manufacture approach of the silicon single crystal characterized by changing the crystal pulling rate for 
obtaining N-field according to it when the crystal pulling rate for obtaining N-field changes, since the rotational speed 
of a crucible was changed when pulling up a crystal, as the whole surface of the direction of a path of a crystal became 
N-field at least in a part of growth direction, when a silicon single crystal was manufactured with the Czochrlski 
method. 

[Claim 15] The manufacture approach of the silicon single crystal which conducted the pull-up rate gradual decrease 
experiment, checked the crystal pulling rate used as N-field in the experiment first, and was subsequently indicated to 
claim 14 characterized by the checked thing [ pulling up and raising a crystal on the basis of a rate ] when pulling up the 
crystal which changes the rotational speed of said crucible and serves as a whole surface N-field. 
[Claim 16] The silicon single crystal characterized by being manufactured by claim 1 thru/or the approach according to 
claim 15. 

[Claim 17] The silicon single crystal wafer characterized by being manufactured from a silicon single crystal according 
to claim 16. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not respfl^^ble for any 

damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing a silicon single crystal using this, about 
the approach of searching for the count approach for adjusting the structure in a furnace and adjusting the structure in 
this fiirnace, or the suitable structure in a fiirnace, in order to manufacture a silicon single crystal with few crystal 
defects. 
[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal produced with the 
Czochrlski method (it is hereafter written as a CZ process) used as the substrate has been increasing with detailed-izing 
of the component accompanying high integration of semiconductor circuits, such as DRAM. The defect of a single 
crystal growth reason in which the oxide film proof-pressure property especially called grown-in (Grown-in) defects, 
such as FPD, LSTD, and COP, and the property of a device are worsened exists, and importance is attached to reduction 
of the consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which determines each 
concentration of the point defect of the hole mold first called the Vacancy (it may outline Vacancy and Following V) 
incorporated by the silicon single crystal, and the mold silicon point defect between grids called Interstitial-Si (it may 
outline Interstitial-Si and Following I) incorporated. 

[00.04] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a silicon atom, and a 
field with many things like a hole. With an I region It is the thing of a field with many lumps of the rearrangement and 
the excessive silicon atom which are generated when a silicon atom exists too much. Between V field and an I region 
The neutral (it may outline Neutral and Following N) field without lack of an atom or an excess (few) will exist. And 
with [ even if said grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition / ****** / to the 
last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as a defect. 
[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of the crystal in a CZ 
process, and relation with the temperature gradient G near [ under crystal ] the solid-liquid interface. The defect called 
OSF (an oxidation induction stacking fault, Oxidation Indused Stacking Fault) near [ boundary ] V field and an I region 
When it sees in the cross section of the perpendicular direction to a crystal growth shaft, being distributed in the shape 
of a ring (it being hereafter called an OSF ring) is checked. 

[0006] The defect of these crystal growth reason for example **G near the solid-liquid interface (the difference of the 
temperature gradient Gc of a crystal center part [**/mm] and the temperature gradient germanium of a crystal 
circumference part [**/mm] is expressed with **G=|germanium-Gc|) during the usual crystal the large structure in a 
furnace (hot zone: it may be called HZ) When a crystal orientation changes a growth rate from a high speed to a low 
speed with used CZ pull-up machine, it is obtained as a defective distribution map as shown in drawin g 6 . 
[0007] And the field where grown-in defects, such as FPD considered as the void reason to which hole type point 
defects gathered when a growth rate was a high speed comparatively with the above before and after 0.6 mm/min when 
these were classified according to the direction of the diameter of a crystal (field) as it was shown in drawing 1_ for 
example, LSTD, and COP, exist in high density throughout the direction of the diameter of a crystal, and these defects 
exist is called the V-rich field (refer to Rhine (A) and drawing 7 (A) of drawing 6 ). Moreover, when a growth rate is 0.6 
or less mm/min, the field where an OSF ring is generated from the circumference of a crystal, the defect of ratios of 
length to diameter (Large Dislocation: the cable address of the dislocation loop between grids, LSEPD, LFPD, etc.) 
considered to be dislocation loop reasons by the outside of this ring exists in a low consistency with the fall of a growth 
rate, and these defects exist is called the I-rich field (it may be called a ratio-of-length-to-diameter field). Furthermore, if 
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a growth rate is made into a low speed below 0.4 mm/min order, an OSF ring will condense and disappear at the core of 
a wafer, and the whole surface will sen^^ an I-rich field (Rhine (C) of drawin g 6 ^^vingj (C)). 
[0008] Moreover, the existence of the iSrwhere neither FPD of a hole reason, LS'^^OP nor LSEPD of a 
dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is discovered in the middle of a V- 
rich field and an I-rich field recently. It is reported that this field is the I-rich field side which is not so rich as there is 
almost no precipitation of oxygen by being in the outside of an OSF ring when oxygen precipitation heat treatment is 
performed and the contrast of a deposit is checked by X-ray observation etc., and LSEPD and LFPD are formed (refer to 
Rhine (B) and drawin g 7 (B) of drawing 6 ). 

[0009] That is, since this N-field existed aslant to growth shaft orientations by the usual approach when a pull-up rate is 
lowered to a low speed from a high speed, it existed only in the part in the wafer side. By the Voronkov theory (V. 
V.Voronkov;Journal of Crystal Growth, 59 (1982) 625-643), it has recited that a pull-up rate (V) and concentration with 
a as total parameter called V/G which is the ratio of a crystal solid-liquid interface shaft-orientations temperature 
gradient (G) as the type of a point defect are determined about this defect, if it thinks from this, it should pull up in a 
field (the direction of a path of a crystal), and a rate must be about 1 law ~ only a crystal into which a core serves as an 
I-rich field on the outskirts across N-field in a V-rich field at a certain pull-up rate since it comes out, and it is and G has 
distribution in the direction of a path in a field was obtained. 

[0010] Then, distribution of G within a field was improved, and when this N-field where that it is only slanting existed 
was pulled up lowering for example, the pull-up rate V gradually, the crystal with which N-field spread all over width at 
a certain pull-up rate could be manufactured recently. Moreover, in order to expand the crystal of this whole surface N- 
field in the die-length direction, if a pull-up rate when this N-field spreads horizontally is maintained and pulled up, it 
can attain to some extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
amended and V/G might become fixed to the last as the crystal grew, as it is, the crystal used as a whole surface N-field 
could be expanded also in the growth direction. A grown-in defect does not exist in this whole surface N-field crystal at 
all, but an oxide-film proof-pressure property is also good. 
[0011] 

[Problem(s) to be Solved by the Invention] Usually, when considering heat (temperature) distribution of a pull-up 
furnace, it mainly has structure in a furnace (HZ: it may be called a hot zone), and a thermal performance rating is 
performed. Therefore, when considering the old above-mentioned defective distribution and HZ was the same, even if it 
changes some other pull-up conditions, it is almost uninfluential, and I thought that the crystal of quality made into the 
purpose was obtained, however, a crystal rotation rate and MCZ - the magnetic field strength of law etc. is the same, 
when the parameter considered to affect especially the convection current of silicon melt was changed, for example it 
pulls up, lowering a pull-up rate ~ in spite of having used HZ, N-field which existed straightly changed the above- 
mentioned conditions in the direction of a path - pulling up - coming out - it became clear that it may exist aslant. 
These parameters may have to be changed according to the specification and operating condition of an oxygen density 
and others of a wafer, and have posed the problem that the tolerance is big. 

[0012] Moreover, when expanding this N-field to a crystal orientation, in actual operation, it is necessary to change a 
pull-up rate intentionally for diameter control of a crystal. Furthermore, although the rotational speed of the motor for 
crystal rotation is within the limits of the specification, it has caused a minute change in many cases. And when these 
became a cause, and pulled up and a rate separated from desired value (i.e., when V/G value separates from the proper 
range), the grown-in defect might have occurred in large quantities suddenly into the part. Now, the yield of a single 
crystal fell, and the defective generating part could not be further distinguished from the appearance of a crystal, but it 
was coped with by the approach almost near all-articles inspection, and there was also a problem of making QA very 
difficult. 

[0013] This invention was made in view of such a trouble, when it pulls up according to disturbance, for example, a rate 
separates from the set point, it develops the suitable correction approach which can respond, and the approach of finding 
out the structure in a furnace also to fluctuation of single crystal manufacture conditions like a throat, and it aims at 
producing a super-low defective crystal under stable conditions. 
[0014] 

[Means for Solving the Problem] Invention which it was accomplished in order that this invention might attain said 
purpose, and was indicated to claim 1 of this invention [ when manufacturing a silicon single crystal with the Czochrlski 
method ] at least in a part of growth direction As the whole surface of the direction of a path of a crystal serves as N- 
field, when pulling up a crystal, manufacture conditions other than the structure in a furnace of a pull-up furnace are 
changed. The direction distribution of a path of temperature gradient [ between 1400 degrees C ] G (temperature 
variation / crystal orientation die length) [**/mm] inclines from the melting point near [ under crystal ] the solid-liquid 
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interface. Therefore, it separates from a certain range where the V/G [mm2 / **, and min] value when setting a crystal 
pulling rate to V [mm/min] serves as N^fei. When it stops becoming N-field all OA^fee direction of a path, adjust the 
structure in a furnace of a pull-up furnal^nd the inclination of the direction of a pe^rof G is made small. It is the 
manufacture approach of die silicon single crystal characterized by adjusting the method of a path for V/G value, 
making the direction inclination of a path of G small, and making V/G value into a value which serves as N-field all 
over the direction of a path. 

[001 5] Thus, as the whole surface of the direction of a path of a crystal serves as N-field at least in a part of growth 
direction, when pulling up a crystal Change manufacture conditions other than the structure in a furnace of a pull-up 
furnace, and the direction distribution of a path of G inclines. Therefore, if it pulls up as the correction approach, the 
structure in a furnace of a furnace is adjusted and the direction inclination of a path of G is made small when V/G value 
stops serving as N-field all over the direction of a path It can become N-field all over the direction of a path about V/G 
value, and it is stabilized and the silicon single crystal of a super-low defect can be manufactured. 
[0016] In this case, as indicated to claim 2, as for accommodation of the structure in a furnace of said pull-up furnace, it 
is desirable to prepare an annular solid-liquid interface heat insulator in the periphery of the solid-liquid interface of a 
crystal, and to carry out by adjusting spacing [ of this heat insulator lower limit and a melt side ] S [mm]. 
[0017] Invention indicated to claim 3 of this invention is the manufacture approach of the silicon single crystal 
characterized by adjusting the structure in said furnace to fluctuation of magnetic field strength, when manufacturing a 
silicon single crystal with the Czochrlski method which impresses a magnetic field. Thus, in the MCZ method, if 
magnetic field strength may be fluctuated and the structure in a furnace is appropriately adjusted to this fluctuation, the 
silicon single crystal which serves as N-field all over the direction of a path can be manufactured. 
[0018] And invention indicated to claim 4 of this invention is the manufacture approach of the silicon single crystal 
characterized by adjusting the structure in said furnace to fluctuation of a crystal rotation rate, when manufacturing a 
silicon single crystal with the Czochrlski method. Thus, it is necessary to fluctuate a crystal rotation rate for the 
improvement of field internal division cloth etc., and if the structure in a furnace is appropriately adjusted to this 
fluctuation, the silicon single crystal which serves as N-field all over the direction of a path can be manufactured. 
[0019] When the direction distribution of a path of G changes with fluctuation of manufacture conditions other than the 
structure in a furnace, invention indicated to claim 5 of this invention The pull-up which makes a pull-up rate increase 
gradually using at least two or more kinds of structures in a furnace on the manufacture condition and which pulls up or 
is made to dwindle a pull-up rate is carried out. It is the manufacture approach of the silicon single crystal characterized 
by finding out structure in a furnace which serves as N-field all over the direction of a path at the time of a certain pull- 
up rate. Thus, manufacture conditions other than the structure in a furnace are fixed, and it experiments by pulling up 
using two or more structures in a furnace, and if a defective distribution map is created and compared, the structure in a 
furnace where actual G value serves as a flat all over the direction of a path can be chosen easily. 
[0020] Furthermore, invention indicated to claim 6 of this invention is the manufacture approach of the silicon single 
crystal characterized by finding out the structure in a furnace which analyzes the effect using a correctly calculable 
simulator, and serves as N-field all over the direction of a path, when the direction distribution of a path of G changes 
with fluctuation of manufacture conditions other than the structure in a furnace. 

[0021] Thus, if change of the direction distribution of a path of G accompanying fluctuation of manufacture conditions 
is analyzed using a correctly calculable simulator, the structure in a furnace which serves as N-field all over the 
direction of a path under the changed manufacture conditions can be easily found out, even if it does not conduct much 
pull-up experiments. 

[0022] And invention indicated to claim 7 of this invention When the direction distribution of a path of G changes with 
fluctuation of manufacture conditions other than the structure in a furnace When the simulator which cannot calculate 
the effect correctly or does not perform such a comparison is used, [ whether the simulator is doubled with the 
experimental result obtained before changing manufacture conditions, and ] Or look for conditions which suit an 
analysis result and the value, and V/G value which broke the pull-up rate V of the crystal pulled up on the condition by 
G which can be found from analysis is compared. V/G value previously calculated when V/G value of each boundary of 
defective distribution were quantified, then conditions other than the structure in a furnace changed and defective 
distribution changed, The pull-up rate of a crystal and defective distribution which were newly pulled up on the 
conditions which changed are compared. After counting backward and calculating the value of G, calculating the 
amount of amendments from count G value to the actual G value in that condition, analyzing structures in a furnace 
various next and carrying out this amendment to that result By looking for the structure in a furnace where **G 
becomes min, it is the manufacture approach of the silicon single crystal characterized by finding out the structure in a 
furnace where the whole surface of the direction of a path serves as N-field. 
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[0023] Thus, in the case of the simulator which can perform only inadequate analysis_jf it pulls up in the above 
procedures and an experimental result i^^erted in and calculated, the structure in ^fciace where the whole surface of 
the direction of a path serves as N-fielcHWbe found out. This becomes more possi^^rather than finding all out by 
experiment finding out the suitable structure in a furnace efficiently. 

[0024] Next, invention indicated to claim 8 of this invention is set to said defective distribution map. Dwindle a pull-up 
rate at a low speed from a high speed, or when increasing a pull-up rate gradually at a high speed from a low speed At 
least one or more in Rhine which boundary Rhine of inside Rhine of an OSF ring, outside Rhine of an OSF ring, a V- 
rich field side N-field, and an I-rich field side N-field and a dislocation loop begin to generate are quantified with V/G 
value. When manufacture conditions other than the structure in a furnace change When the same pull-up is performed 
and defective distribution changes, pull up with V/G value calculated previously, and the value of G in each boundary 
location is counted backward in the direction of the diameter of a crystal using a rate. After calculating the amount of 
amendments from count G value to the actual G value in that condition, analyzing structures in a furnace various next 
and carrying out this amendment to that result By looking for the structure in a furnace where **G becomes min, it is 
the manufacture approach of the silicon single crystal characterized by finding out the structure in a furnace where the 
whole surface of the direction of a path serves as N-field. The structure in a furnace where the whole surface of the 
direction of a path under the manufacture conditions changed also by such analysis and the experimental technique 
serves as N-field can be found out comparatively easily. 

[0025] [ when invention indicated to claim 9 of this invention manufactures a silicon single crystal with the Czochrlski 
method ] When expanding N-field which pulls up with the temperature distribution in a pull-up furnace, adjusts a rate, 
and is formed all over the direction of a path of a crystal at least to the shaft orientations of a crystal It is the 
manufacture approach of the silicon single crystal characterized by pulling up a crystal according to the structure in a 
furnace which becomes below the greatest **G corresponding to minimum pull-up rate range-of-fluctuation **[ of each 
pull-up furnace proper ] V [mm/min]. If it does in this way, the structure in a furnace corresponding to the pull-up rate 
range of fluctuation of each pull-up furnace proper can be specified, N-field formed in the direction of a path of a crystal 
can be expanded to the shaft orientations of a crystal, and the silicon single crystal of the super-low defect which is N- 
field throughout a single crystal rod can be obtained. 

[0026] In this case, if the structure in a furnace is adjusted and a crystal is pulled up so that it may become below the 
[**/mm] value to **V [mm/min] of each of said pull-up furnace proper as indicated to claim 10, the silicon single 
crystal of the high quality which was stabilized farther and expanded N-field to shaft orientations can be manufactured. 
[ **G which can be found due to **G=-6.5**V+0.1785 ] 

[0027] Next, invention indicated to claim 1 1 of this invention [ when manufacturing a silicon single crystal with the 
Czochrlski method ] at least in a part of growth direction As the whole surface of the direction of a path of a crystal 
serves as N-field, when pulling up a crystal, the structure in a furnace of a pull-up furnace is changed. It separates from 
a certain range where the direction distribution of a path of a temperature gradient G inclines, therefore V/G value 
serves as N-field. All over the direction of a path, N-field is the manufacture approach of the silicon single crystal which 
adjusts manufacture conditions other than the structure in a furnace of a pull-up furnace, makes the direction inclination 
of a path of G small, and is characterized by making V/G value into a value which serves as N-field all over the 
direction of a path, when it stops becoming. 

[0028] Thus, the silicon single crystal with which it will turn into N-field all over the direction of a path if N-field 
adjusts manufacture conditions other than the structure in a furnace, and makes the direction inclination of a path of G 
small when it stops becoming, and V/G value is made to become N-field all over the direction of a path can be formed 
all over the direction of a path by fluctuation of the structure in a furnace becoming a cause. 

[0029] In this case, said manufacture conditions to adjust can consider as magnetic field strength, as indicated to claim 
12, and as indicated to claim 13, they can consider as a crystal rotation rate. Since the convection current of silicon melt 
is influenced by these and defective distribution can be changed, this can be used for correction and the modification 
and adjustment are easy. 

[0030] Furthermore, invention indicated to claim 14 of this invention [ when manufacturing a silicon single crystal with 
the Czochrlski method ] at least in a part of growth direction Since the rotational speed of a crucible was changed when 
pulling up a crystal, as the whole surface of the direction of a path of a crystal became N-field, when the crystal pulling 
rate for obtaining N-field changes It is the manufacture approach of the silicon single crystal characterized by changing 
the crystal pulling rate for obtaining N-field according to it. 

[003 1] Thus, when the rotational speed of a crucible is changed as manufacture conditions other than the structure in a 
furnace, unlike the effect which modification of magnetic field strength or a crystal rotation rate has on a temperature 
gradient G, the absolute value of G itself changes, or since an oxygen density changes and it separates from N-field at a 
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pull-up rate as it is, if a pull-up rate is changed, the silicon single crystal which serves as N-field all over the direction of 
a path can be formed. 

[0032] As indicated to claim 15, when PWng up the crystal which changes the rota^^l speed of a crucible and serves 
as a whole surface N-field, first, a pull-up rate gradual decrease experiment is conducted, and the crystal pulling rate 
used as N-field is checked in an experiment. In this case, subsequently The checked silicon single crystal of the high 
quality which was stabilized further and expanded N-field to shaft orientations when pulling up and raising the crystal 
on the basis of the rate can be manufactured. 

[0033] And invention indicated to claim 16 of this invention is the silicon single crystal manufactured by the approach 
indicated to claim 1 thru/or claim 15. Thus, if a silicon single crystal is manufactured by the approach indicated to said 
claim 1 thru/or claim 15, even if it changes manufacture conditions according to disturbance even if or gives fluctuation 
intentionally, the silicon single crystal of the super-low defect which can restore to normal values easily and promptly, 
serves as N-field all over the direction of a path of a crystal, and serves as N-field by the large area of the shaft 
orientations of a crystal can be manufactured. 

[0034] Furthermore, invention indicated to claim 17 of this invention is the silicon single crystal wafer manufactured 
from the silicon single crystal indicated by claim 16. Thus, since the silicon single crystal wafer produced from the 
silicon single crystal manufactured by this invention is N-field all over a crystal and is a super-low defect, it can be used 
as a very useful silicon wafer. 

[0035] Hereafter, although explained to a detail per this invention, this invention is not limited to these. In advance of 
explanation, lessons is taken from each vocabulary, and it explains beforehand. 

1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching and removing a 
surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD (Flow Pattern Defect) A pit and a 
ripple pattern arise by etching a front face with the mixed liquor of fluoric acid and water (Secco etching). This ripple 
pattern is called FPD, and the defects of oxide-film pressure-proofing increase in number, so that the FPD consistency 
within a wafer side is high (refer to JP,4-192345,A). 

[0036] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a thing without FPD, a 
call, and a flow pattern for the thing accompanied by a flow pattern (flow pattern) with SEPD. When it is thought in this 
that large SEPD (LSEPD) 10 micrometers or more originates in a rearrangement cluster and a rearrangement cluster 
exists in a device, a current leaks through this rearrangement and it stops achieving the function as a P-N junction. 
[0037] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage of the wafer to 
LSTD (Laser Scattering Tomography Defect) after etching and removing a surface distortion layer with the mixed 
liquor of fluoric acid and a nitric acid. Incidence of the infrared light can be carried out from this cleavage plane, and the 
defect scattering light which exists in a wafer can be detected by detecting the light which came out from the wafer front 
face. About the scatterer observed here, it is a society etc., there is already a report, and it is regarded as the oxygen 
sludge (Jpn.J.Appl.Phys. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is 
also reported by the latest research. 

[0038] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core of a wafer, with 
COP (Crystal Originated Particle) ~ it is - Secco - by SC-1 washing (washing by the mixed liquor of NH4 OH:H2 
02:H2 0=1:1:10), the defect set to FPD if dirty works as a selection etching reagent, and is set to COP. The diameter of 
this pit is investigated with light scattering measurement by 1 micrometer or less. 

[0039] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large Dislocation: cable 
address of the dislocation loop between grids), and is considered to be a dislocation loop reason. A large thing 10 
micrometers or more is said that LSEPD described above also in SEPD. Moreover, also in FPD which LFPD described 
above, the magnitude of a tip pit says a large thing 10 micrometers or more, and it is considered the dislocation loop 
reason also here. 
[0040] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail, referring to a 
drawing. Drawing JL thru/or drawing 4 are the defective distribution maps having shown crystal pulling rate V [mm/min] 
as a parameter, and having shown the crystal diameter for the defective distribution accompanying fluctuation of crystal 
pulling manufacture conditions on the axis of ordinate as an axis of abscissa. Drawing 5 is ****** of the pull-up furnace 
used by this invention. 

[0041] the place investigated in the detail about the boundary neighborhood of V field and an I region about the silicon 
single crystal growth by the CZ process as this invention persons proposed by Japanese Patent Application No. No. 
199415 [ nine to ] previously --**** of this boundary neighborhood » the narrow field had few FPD(s), LSTD(s), and 
COP remarkably, and it discovered that there was a neutral field where ratio of length to diameter does not exist, either. 
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[0042] Then, if this neutral field can be extended all over a wafer, it will conceive t haLa point defect can be reduced 
sharply, and since the pull-up rate is al^^^ fixed in the wafer side of a crystal, the factors which determine 
concentration distribution of the point <SRt within a field will be temperature grad^^ in a growth (pull-up) rate and 
the relation of a temperature gradient. That a difference is in the temperature gradient of shaft orientations in a wafer 
side that is, on a problem If this difference can be reduced, that the concentration difference of the point defect within a 
wafer side can also be reduced A header, If the structure in a furnace is set up so that it may become as small as possible 
about [**/mm] =|germanium-Gc| of the temperature gradient Gc of the crystal center section, and the temperature 
gradient germanium of a crystal circumference part, whenever [ furnace temperature ] is controlled and pulled up and a 
rate is adjusted, [ difference **G ] A wafer without the defect which the whole wafer surface becomes from N field 
came to be obtained. 

[0043] However, as mentioned above, influencing **G found that the effect to generating and its distribution of a defect 
was very large not only for the structure in a furnace but for fluctuation of other manufacture conditions. Then, this 
invention persons changed parameters other than the structure in a furnace first, and investigated the effect which it has 
on defective distribution. Consequently, when pulling up with the reinforcement of the horizontal magnetic field 
impressed especially and changing an inner crystal rotation rate in a number of parameter, it discovered that defective 
distribution was changing a lot. 

[0044] As concrete investigation, raising -1 used the structure in a certain furnace (referred to as HZ-1), is the conditions 
of horizontal magnetic-field-strength 3000Gauss and crystal rotation rate 15rpm, and conducted the pull-up experiment 
which dwindles a pull-up rate at a low speed from a high speed. As shown in ****** of the pull-up furnace used for this 
invention of drawing 5 , at the pull-up furnace 30, 40kg of raw material polycrystalline silicon was charged to the 18 
inch quartz crucible 32, and the silicon single crystal rod 1 with the diameter of 6 inches, a bearing <100>, and a body 
die length of about 60cm was pulled up. In a furnace, structure HZ-1 installs the annular solid-liquid interface heat 
insulator 8 in the periphery of the solid-liquid interface 4 of a crystal, is what prepared spacing S [mm] between this 
heat insulator lower limit and the melt side 3, and can control G and **G by adjusting S. In HZ-1, it was set as S= 
30mm and they could be crystal center temperature gradient Gc=3.551 degree-C/mm, crystal ambient temperature 
inclination germanium=3.552 degree-C/mm, and **G=0.001 degree-C/mm. In addition, these values are the calculated 
value by FEMAG (comprehensive heat transfer analysis software). 

[0045] As shown in the defective distribution map of drawing j_ , mostly, N-field spread in the direction of a path and, as 
for this result, existed. At this time, the limitation of N-field has become flat, was expanded to the maximum, and is 
understood that the expansion to the crystal orientation of N-field is also easy. N-field said here has pointed out the field 
between V-rich field boundary lines and I-rich field boundary lines including an OSF field (OSF ring). In addition, 
manufacture conditions, the structure in a furnace, and the relation of the result were summarized in Table 1 . Moreover, 
since defective distribution is also a flat and the field internal division cloth of G is also a flat, it is shown at this time 
that actual G suits G distribution by count relatively at least. 
[0046] 
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[0047] Next, as raising -2, HZ-1 was used and the pull-up rate gradual decrease experiment was conducted on the 
conditions of horizontal magnetic-field-strength OGauss and crystal rotation rate 15rpm. This result had become the 
distribution which an OSF ring closes aslant, as shown in drawin g 2 . In this case, it is, or it cannot take, and the way 
things stand, it is understood that the expansion to a crystal orientation is also very difficult whether one wafer used as a 
whole surface N-field can be taken. Moreover, when this phenomenon is guessed from V/G, since it is fixed, the 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/29/2004 



Page 7 of 10 



temperature gradient Gc of a crystal center is decreased and, as for the pull-up rate V_making surrounding germanium 
increase understands. That is, the more^fcwers magnetic field strength, the more ij^fc suggested that Gc becomes 
small and germanium becomes large. (SBrersely, if it says, the more it will raise imjKtic field strength, the more it 
means that Gc becomes large and germanium becomes small 

[0048] Subsequently, it experimented in raising -3. HZ-1 was used and the pull-up rate gradual decrease experiment was 
conducted on the conditions of horizontal magnetic-field-strength 3000Gauss and crystal rotation rate 5rpm. This result 
had become the distribution which an OSF ring closes aslant like raising -2, as shown in drawin g 3 . In this case, there is 
especially no part used as a whole surface N-field, and the crystal used as a whole surface N-field can be made from 
this. As the inclination of change of G lowered the crystal rotation rate, Gc fell and germanium was larger. 
[0049] With regards to the oxygen density of a crystal etc., since magnetic field strength is a parameter related to 
deformation of a crystal, the homogeneity within a field, etc., it changes a crystal rotation rate depending on an 
operating condition. In such a case, it is difficult to manufacture the crystal which serves as a whole surface N-field 
using the structure in the same furnace (HZ). Raising -2 is also difficult and cannot manufacture the stable growth to a 
lengthwise direction at all by raising -3. 

[0050] Then, the cure for the stable growth of N-field crystal when changing conditions was considered. What is 
necessary is for it to be interlocked with, to change HZ and just to adjust G, if G is changed by change of disturbance or 
an intentional operating condition. Conversely, it is also possible to fix HZ, to change an operating condition and to 
adjust G. 

[0051] First of all, it decided to calculate HZ by the experimental technique. In any case, since what is necessary was 
just to have amended **G in the direction made small, it raised by changing the spacing S shown in drawing 5 effective 
in changing **G, and preparing the structure in [ two kinds of] a furnace of HZ-2 and HZ-3. In HZ-2, it was set as S= 
40mm, and was set as S= 50mm in HZ-3. 

[0052] Raising -4 was the same conditions as raising -2 (magnetic field strength: OGauss) except having used HZ-2, 
except raising -5 having used HZ-3, is the same conditions as raising -2, and conducted the pull-up rate gradual decrease 
experiment. A crystal with which the OSF ring near [ in raising -4 ] d rawin g 1 becomes a flat was obtained. Moreover, 
in raising -5, it became distribution like drawing 4 which OSF closes in a small reverse M character mold conversely. In 
raising -5, the range of a whole surface N-field will become narrow. In these comparative experiments, it turned out that 
the limitation of N-field is also widely good to pull up using HZ-2. That is, ideal defective distribution again like 
drawin g 1 can be acquired by accommodation of the structure in a furnace of changing spacing S for fluctuation of the 
manufacture conditions of stopping impression of a magnetic field. 

[0053] Next, raising -6 was the same conditions as raising -3 (crystal rotation rate: 5rpm) except having used HZ-2, 
except raising -7 having used HZ-3, is the same conditions as raising -3, and conducted the pull-up rate gradual decrease 
experiment. In raising -6, there was a whole surface N-field near drawing 2 , but it became the distribution which an 
OSF ring does not close just beside yet. In raising -7, it became the distribution which the OSF ring near drawin g 1 
closes just beside. It will be said in these comparative experiments that it is good to choose HZ-3. 
[0054] Moreover, when it pulled up as raising -8 and raising -9 using HZ-2 and HZ-3 on condition that raising -1 
(horizontal magnetic-field-strength 3000Gauss), it became the distribution which both sides close in a reverse M 
character mold like drawi ng 4 . That is, also conversely, it can say in this case. Namely, what is necessary is just to 
adjust the structure in a furnace in the direction of HZ-3 to HZ-1, i.e., the direction which enlarges **G, since **G is 0 
or minus when pulling up on some conditions and it becomes distribution like drawing 4 . 

[0055] As explained above, when manufacture conditions other than the structure in a fiirnace changed, and making the 
structure in a furnace follow in footsteps and going, it became possible to manufacture the silicon single crystal wafer 
which is N-field all over the direction of a path on any conditions. 

[0056] Contrary to the above explanation, the silicon single crystal with which it will turn into N-field all over the 
direction of a path if N-field adjusts manufacture conditions other than the structure in a furnace, and makes the 
direction inclination of a path of G small when it stops becoming, and V/G value is made become N-field all over the 
direction of a path can be formed all over the direction of a path by fluctuation of the structure in a fiirnace becoming a 
cause. 

[0057] Although the experimental technique has been used for searching for the suitable structure in a furnace which 
serves as N-field all over the direction of a path, and manufacture conditions as described above, a try and an error- 
element are strong, and possibility of being forced many useless experiments is also high, and inefficient. Then, how to 
find out the accommodation approach of the structure in a furnace at the time of changing manufacture conditions other 
than structures in a furnace, such as magnetic field strength, was examined using count. 

[0058] First, what is necessary is just to calculate the effect to G of manufacture conditions, such as magnetic field 
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strength other than the structure in a furnace, and a crystal rotation rate, if there is a com prehensive heat transfer 
analysis tool in the CZ process pull-up ^feice for which it can ask correctly relativ^Biowever, in the present tool, it 
is difficult to ask for G of various condSRs correctly relatively in 2-dimensional hSWransfer analysis, where the 
convection current is considered, and a comparison may be impossible. Then, the count approach in a situation without 
an ideal three-dimensions simulator was considered. 

[0059] First, it is necessary to double the result pulled up on one certain condition, and the result of a simulation, and 
needs to be crowded. Or the conditions which suit the result of a simulation may be found in an experiment. Here, the 
analysis result of a simulation suits on condition that said raising -1. If these suiting-each other criteria are shown by one 
value in which the boundary of each defective distribution of OSF for example, at the time of a pull-up rate gradual 
decrease experiment etc. is compared with distribution of V/G value deduced from G for which it asked in analysis, for 
example, V/G has Rhine of the OSF inside, they will be relatively [ at least ] correct. 

[0060] The count approach is first pulled up on correct conditions (raising -1), conducts a rate gradual decrease 
experiment, and clarifies each boundary, such as the OSF inside, an OSF outside, N(V) / N (I) boundary, and an I-rich 
boundary, and the pull-up rate V in each location. Next, G is computed by performing thermal analysis to which the die 
length of a crystal was changed one after another, V/G which can be found in this each defective boundary and count is 
compared, and each boundary is quantified by V/G. 

[0061] It counts backward and asks for G of another experiment using this V/G. For example, in raising -2, one line of 
the direction of a path which straddles an OSF ring, N(V) / N (I) boundary, an I-rich boundary, etc. was used, and it 
counted backward and asked for G of an intersection with each boundary from the pull-up rate at this time, and V/G 
calculated previously. In this case, the value of G compares with an analysis value and it is a crystal center. - It means 
that it is +1.4% around the scope of V/G (inside without the effect of out-diffusion), and distribution of G of the 
conditions of raising -2 was searched for 3.7%. 

[0062] Thus, the calculated correction value is used and structure in a furnace is predicted shortly. Some kinds of 
thermal analyses are performed, and if the amendment for which it asked last previously is applied, distribution of G can 
be searched for almost correctly. By the above approaches, as G became a flat to the last, when setting up the structure 
in a header and its furnace and pulling up the structure in a furnace where **G became close to 0, even if manufacture 
conditions other than the structure in a fUrnace changed, it is stabilized and the crystal of a whole surface N-field could 
be manufactured. Then, when HZ-2 were analyzed by the above approach, G became a flat rightly. 
[0063] By the same approach as the above, the amount of amendments of G at the time of crystal rotation rate 
modification is computed, and if analysis which considered that amendment is performed, the optimal structure in a 
furnace can be found out also on this condition. The approach which doubles a simulation and is crowded in this 
experiment is also usable also to change of the defective distribution over what kind of change of a situation. 
[0064] Next, the difficulty nature of the expansion to this direction of whole direction surface Nof path-field crystal 
growth was examined. In the case of drawing J. , it is completely satisfactory, and the expansion to shaft orientations is 
easy, and expansion is very difficult case [ like drawing 2 ]. Therefore, it is desirable to operate on conditions which an 
OSF ring closes just beside like drawing 1 as much as possible. 

[0065] By the way, a pull-up furnace has fluctuation of the pull-up rate V of the proper of a motor reason from control 
of the intentional pull-up rate V for diameter control, and when it separates from the range of V/G which serves as N- 
field by this fluctuation, a grown-in defect occurs. That is, N-field will be secured if it carries out to below maximum- 
permissible **G calculated from the range of V/G to **V of a pull-up furnace. **G [**/mm] is [ as opposed to / when 
asked for the relation between this **V and maximum-permissible **G from V/G of N-field boundary / **V [mm/min] 
of a pull-up furnace proper ] **G==-6.5**V+0.1785. When carrying out to below the value that can be found from 
relational expression, it discovered that the expansion to the growth direction of N-field was stabilized. 
[0066] When **V of a pull-up furnace is specifically 0.02 [mm/min], it will be stabilized if maximum-permissible **G 
becomes below 0.0485 [**/mm]. **G then, by the structure in a furnace of 0.1 [**/mm], an operating condition (raising 
-8) and the structure in a furnace of 0.02 [**/mm], and the operating condition (raising -9) Although FPD, LFPD, LSEP, 
etc. occurred in ******** by raising -8 when raised in consideration of change of G of growth shaft orientations, 
lowering a pull-up rate little by little, it succeeded in training of the crystal with which a grown-in defect does not exist 
in raising -9 after 10cm of body sections of a crystal. 

[0067] Hereafter, drawing J explains the example of a configuration of the crystal pulling furnace by the CZ process 
used by this invention. As shown in drawing^ , this crystal pulling equipment 30 The pull-up room 3 1, the crucible 32 
prepared all over the pull-up room 31, and the heater 34 arranged around a crucible 32, It has the reel style (not shown) 
which rotates or rolls round the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism 
(not shown), the seed chuck 6 holding the seed crystal 5 of silicon, the wire 7 that pulls up a seed chuck 6, and a wire 7, 
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and is constituted. A quartz crucible is prepared in the side in which a crucible 32 holds the silicon melt (molten bath) 2 
of the inside, and the graphite crucible ^^pared in the outside. Moreover, the hea^^ilator 35 is arranged around 
[ outside ] the heater 34. 

[0068] Moreover, in order to set up the manufacture conditions in connection with the manufacture approach of this 
invention, the annular solid-liquid interface heat insulator 8 is formed in the periphery of the solid-liquid interface 4 of a 
crystal as an example of the structure in a furnace. This solid-liquid interface heat insulator 8 forms the spacing S of 1- 
10cm between that lower limit and surface of hot water 3 of silicon melt 2, and is installed in it. This spacing S can be 
adjusted with the location of the crucible at the time of crystal pulling initiation, and the amount of a raw material, and 
is constituted independently possible [ rise and fall of solid-liquid interface rupture material 8 the very thing ], and you 
may make it control spacing S. Furthermore, coolant gas may be sprayed or the tubed cooling system (un-illustrating) 
which interrupts radiant heat and cools a single crystal may be formed. He controls the convection current of melt and is 
trying to measure the stable growth of a single crystal by installing a magnet 36 in the horizontal outside of the pull-up 
room 31, and impressing a magnetic field horizontal to silicon melt 2 independently. 

[0069] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. First, within a 
crucible 32, the high grade polycrystal raw material of silicon is heated more than the melting point (about 1420- 
degreeC), and is dissolved. Next, the tip of seed crystal 5 is made contacted or immersed in the surface abbreviation 
core of melt 2 by beginning to roll a wire 7. Then, while rotating the crucible maintenance shaft 33 in the proper 
direction, single crystal growth is started by rolling round rotating a wire 7 and pulling up seed crystal 5. Henceforth, the 
single crystal rod 1 of an approximate circle column configuration can be obtained by adjusting a pull-up rate and 
temperature appropriately. 

[0070] In this case, in this invention, especially in order to attain the purpose of this invention, it is important to have 
formed the annular solid-liquid interface heat insulator 8 in the periphery space of the liquefied part in the single crystal 
rod 1 on the surface of hot water 3 of the pull-up room 31, as structure in a furnace, so that the temperature region from 
the melting point of the crystal near the surface of hot water to 1400 degrees C could be controlled. 
[0071] Namely, what is necessary is to form the annular solid-liquid interface heat insulator 8 in the pull-up room 31, 
and just to adjust the spacing S on this lower limit and the front face 3 of melt in l-10cm, in order to control whenever 
[ this furnace temperature ]. If it carries out like this, difference **G=|germanium-Gc| of the temperature gradient Gc of 
the above-mentioned crystal center part [**/mm] and the temperature gradient germanium of a crystal circumference 
part [**/mm] is controllable. 

[0072] The silicon single crystal wafer which slices the silicon single crystal manufactured by the manufacture approach 
of the silicon single crystal described above and this silicon single crystal, and is obtained is a whole surface N-field in 
the direction of a path of a crystal, since it is expanded also to shaft orientations, it is N-field throughout a crystal, 
therefore it is a super-low defective article with which rearrangement clusters, such as grown-in defects, such as FPD 
and COP, and LSEP, LFPD, do not exist in the whole wafer surface. 

[0073] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
operation gestalt is instantiation, and no matter it may be what thing which has the same configuration substantially with 
the technical thought indicated by the claim of this invention, and does the same operation effectiveness so, it is 
included by the technical range of this invention. 

[0074] For example, in the above-mentioned operation gestalt, although the example was given and explained per when 
a silicon single crystal with a diameter of 6 inches was raised, this invention is not limited to this but can be applied also 
to the diameter of 8-16 inches, or the silicon single crystal beyond it. Moreover, it cannot be overemphasized that this 
invention is applicable also to the so-called MCZ method for impressing a level magnetic field and length magnetic 
field, a cusp field, etc. to silicon melt. 
[0075] 

[Effect of the Invention] As explained above, when the pull-up of the silicon single crystal which has normal defective 
distribution under the structure in a certain furnace is performed according to this invention, When abnormalities are 
caused to defective distribution by fluctuation of disturbance or intentional manufacture conditions By adjusting the 
structure in a furnace appropriately, the crystal which becomes restorable, is stabilized under any conditions and serves 
as a whole surface N-field can be pulled up, and the yield of a super-low defective silicon single crystal and 
improvement in productivity can be aimed at. Moreover, since **G to the minimum pull-up rate deflection width of face 
of each pull-up furnace proper was obtained, it became possible by adjusting the structure in a furnace appropriately to 
pull up the crystal which is stabilized also in the growth direction and serves as a whole surface N-field. 
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* NOTICES * 



Japan Patent Office is not respa^Kble for any 

damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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PRODUCED WITH THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a silicon single crystal having 
extremely low defect density under stable conditions by adjusting a 
furnace inside structure so as to reduce the radial-directional inclination 
of the temperature gradient in the pulling-up direction within the crystal 
and also controlling the relation between the temperature gradient and 
the pulling-up rate. 

SOLUTION: In this production process, as a furnace structure, an 
annular solid-liquid interface heat-insulating material 8 is placed above a 
melt surface 3 in the outer peripheral space of the liquid part in the 
vicinity of the solid-liquid interface of a growing single crystal bar 1 f so 
as to be able to control a temperature region in the range of the crystal 
melting point to 1 ,4000° C, of the single crystal bar 1 , in the vicinity of 
the melt surface 3. When some conditions other than the furnace 
structure are changed to cause a temperature gradient inclination in the 
radial direction from the periphery to the center of a single crystal, a 
space S between the lower end of the annular solid-liquid heat- 
insulating material 8 and the melt surface 3 is adjusted, for example, to a 
value within the range of 1 to 10 cm, to control the difference in 
temperature gradient between the peripheral part and the central part of 

the crystal. Thus, in at least a part of the crystal, extending in the growth direction, the whole surface in the 
radial direction of the crystal becomes an N region (neutral region) having extremely low defect density by, for 
example, changing the single crystal pulling-up rate, wherein the N region has no silicon atom deficiency or 
excess. 
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0, ^ffi^rt^bLfcti^K:, 5fetC^fcV/Gfii 

£ . ^b L,fc&frr*rfcK:3 l±tf fcfSJ&©3 l±tf aas 

fB^e»-e©^T-©^Gfii^©ffliEa ; &f+#i/-c*j^ 
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y a >4MSa«c*f & S»B##iS * o r * r t » s . # 

JC. FPD, LSTD, COPf©^n->-f>(Gr 
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%4ft< . BWti/fca»©*sa3&*»6nsi*itrc» 

fc„ L*>U *§li@&iiK^MCZ £©18183®^ & 
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[0014] 

[■w*JB«-r*A:Jt>©#s3 n&mm&m 
»*twr*i»&K*ii»r. < 4 «>flW«5i^©-» 
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S^l6l{C#^fi[gr©G©fii*3S!»L. W»Glfi*»6 
■e©*fr-c©IQRG«^©MjEJt*fWLrtec»r % 

fc**&*Frt«jt©!!Hff*m». -e©*s*ccc©ffliE^ 

»). mxfa<D±m&N-®Mttj;z>jFftMm£M.m-rc 
t*mktTzz») 3>ffe B B B oisMftt$.^„ c© 

<fc 5 i H^W^Stc J;ot^»L fct^ft^ftT 
[0 02 5] *§£W<Dm&m9 tCiB*8U/cHWB. 5^ a 

r . < <t *>isft©8Wrfii^aK:^fiR s n -m^ 

«:^©«l*tSj(cJ£A-r SW^tC. &3l±tfjFBW©* 
/MI±tfaUS»WiAV [mm/mi n] {C*fj60fc* 
A© AG JWT 4 & S ^^tti&tC «fc 0 iteS* 3 1 ± -5. C 4 

^m4-r-5,->';3>m B B B ©Kjg^-cs>s 0 c©j; 
^tc-rn«. S3i±tf^@w©3i±tf3ijg^ttititc?=tis 

-««**Sa©«*i$i«cl£^rr ^ c 4*s-ct . mMn*? 
^T-N -fR«-C**ffi(S^PB©'> y 3>iiMiyi£f#3 

[0 02 6] C©1©^ > fi^ai OKllBtSLfccfc^iC. 
Hff!B&3l±tf#5@W©AV [mm/m in] IC^U 
AG = — 6 . 5AV+0. 1785 
©BB^r^S^AG ['C/mrn] ««TtC^S<fc ^tc^ 
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w^isjtc n -®Mz&*Ltcm&'m<Dis y a 
Wf&zt&xzz,. 

[0 02 7 ] 'Ate. *mW<Df»&m 1 1 tClBiSLfc^HJ 

■rs*B^«:4jt»r. 'pti< ttusa&ifii©— m 

a©S#fa©£tB#N -««4 ft £ J: 5 (c L/TtSB*3l 

12G©S^^^MML. ^©fc&V/Gffia*, N- 
M«4ft&&SffiH#>6$W:. S*(S]©^ffir'N-^ io 
®£ ttft 6>ft < ft o fcti^K. 3 l±tf ^©^rtltigJ^r 

Gffi£g:fr ft©:£ffl-C' N - MU 4 ft * J: 0 ft filtc T £ C 

[0 02 8] C©«fc5Cc. ^rt«£©^#tJSi(H4fto 

ti*ifiio^i-cN - mm t ttft e> ft < ft o /cis^fc 

ct 5 KTtl«, ©±ffiT? N - ffi«4 & & ^ U 3 > 

#isa*^is-rac43&j-c#s. 20 

[002 9] C©*§^. l5iBPgp-rStSBt^fr*s> 511$ 
ai 2tclEttLfc<fc5fc«B^K4-r-5Ciai-c*. » 
*s l 3 tciaiS Ufc 0: -5 (ciSHIsIlgaSi tsci #r 

#-i.o cn^tcj;^. y 3 >mm<Dmit&§2g s *i . 
S. 

[0030] 3 etc. ^Hjjoiiijfcs 1 4 ccieigu/c^ 
*saos^©^ii3&j n - «w i ft s i ^ k u r «sa% 

9LBf*«teK:. ^^^©mKjI^^MLfcfc*. N 

». **i(c(S or n - M^?rf#-5> fci*©$sa? i±tf as 

[0 03 1 ] C©«fc ^ «C. £TOttjI£(?r<DM£&# £ L 

^{b-r s fcj*. ©3 i_tw isrii n - mmfr 

(D±mv N - ««£ ft S ~> y a >#J6B* j&sw 5 C £ 

[0 03 2] t©*§^. If*rai 5tCt3i£L.fcJ;5&C. 
;b •> ^"©lHl©iS?:^M L X ±W N - ff« 4 ft £ £ 

n - «« 4 ft sMa? i±if as*i»-c«iB l . 2a > 
-r-&j:5&c-rft«. j:9-»3g5eLT«2nsiKN-«« 50 
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L fclft&W© ~> 'J a > j^a^i^ST S c £ **r 

[ 0 0 3 3 ] . *&9J<Dift38g 1 6 &CtBiSL,fc^ 

Wtt. SWOB 1 5«CiBttLfc]&i£-C§Jit 
5tlfc^'j3>fiSTftS. C©<fc5&C. HtflBif*^ 
1 ftl>UWS<« 1 5 iCiE,m,btc^mcjz^X^V a>^ 

*>«: iE^fifcflffirr 4 c 4 * . ttS©S*fii©*if 
■CN 4 ft 0 . IS AO «d> ft ©EffiB TN-jjWi 
ft fcffiffi&K©^ 'J a >JNiA«Hiri C i«*-c* 

So 

[0034] 3 49K9!«DI|48g 1 7 tClBiSUfc26 

Wtt. w*ffl 1 6 tciatgs nfc^> y a >«LftJI*> estit 

^ajtcct -3 r^@^ nfc-> y a >^tea*> ef^s^n-s 
y 3 >^^a •? x - ^ » . M a ^©^ffir- N - MJSt? * 

^4^--5C4^-c^S <> 

[0035] UT. #IBWK-3Si¥M«:BMII-r*#. * 
ftBjttcn6tcKS3nS4>©-c«fti\ lfta^K;5tS:^ 
Sffli§tco^^*jggiL-cfc< . 
1) FPD (F 1 ow Pattern Defec 
t) 4«. aft{|0'> a y^MiliA^ i - 
OHiU ^ffi©M^-J1^^4^©2l^ri^^> 
^briXOI^l^cf*. K 2 Cr 2 0 7 4^i$£*©S^ 

rnxmrn* (seccoi-^>« -rsc 

#Mt£FPD4fftU ^^-^ffiF*i©FPD«S^iSt<^ 
Hr!r»fb0tWE©^3&«tA* «$H¥4 - 1 9 2 3 4 

[0 0 3 6 ] 2) S EPD (S e c c o Etch P 
it Defect) 4tt. F P D4|5]— ©S e ceo 
x^^'SrJfeOfcffijK:. ZJfenmii ( f 1 o w pat 
tern) £{4^ 4>©£F P D 4Pf Cf. Sfen^SI*f*t> 
ftt,^©^SEPD4B?^ <> C©ct«-e 1 0 /umli(±©A 
^SEPD (LSEPD) ttfto&i'^X^-tCj&aH-r 

^. d©iK{&£«DTmd!E#!j---^L,. P-Ni^ + >^ 

[0 0 3 7 ] 3 ) L STD (L a s e r Scatte 
ring Tomography Defect)4 
tt. RR*^©~> "J a >m a B B #^ 6 -5 x-^£$J 0 m 

mm<Dm?>mzftM±ffim<DM&mxx.??->?b 
xm*)m>tcm.. c©RMfficto 

*^^A«L. ^x-^a®^eWfc^^mt--5C 
4 -C x - ^rt Cc#ft-T S ^RS (c J; h mL% iH^ -5 

^T-rrtc$fi^s> o , ^WHi^4^ft3n-cc^ 

(Jpn. J. Appl. Phys. Vol. 32. 
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P3679, 1993 #BB) . •£ fc, ttEOiK'TB. 
AMf*©#-f F (TO r**il^|g**>*^3ti-Ct» 

[0 0 3 8 ] 4) COP (C r y s t a 1 Origi 
nated Particle) £(■*. >}x— ^©r£,|> 
aJ®M{biliBEE*^b3-&-5«HiitcS^BT. Sec 
cox??raFPDK&££K#s. SC-li5fe^(N 
H, OH : H 2 0 2 : H, 0= 1 : 1 : 1 0©ig^?gfc: 
riiaRi^^^iOtft*. COPtC 

a*. c©t» b<om.mti um&.T-vyt&.mm-effl'*. io 

[0039] 5) L/D (Large Disloca 
t i on : tS^-HHSfii^-^CDBS-^) fC». LSEP 

D. LFPDfWt), «flyi/-:*i@H£**.6ft-ci,» 

2>%.f&X$>Z>. LSEPDK. Jbl2 L /t <£ 5 Ct S E P D 
<D*PVi> 1 0 ymkLh©;*^^©*^., LF 
PDtt, ±IBL/cF PDODcpT^^f u. h©^^3^ 

[0 04 0] 20 

^-^iLTifeiHSIitfitgV [mm/min] ««t 

®5 l»^r^Lfc5l±W©WWS"C**. 
[0 04 1 ] 5fe(C#BlT9 - 1 9 9 4 1 

m&htctc^. c©«HiffiE©S< *c>«««: fp 30 
D. LSTD, COP©|[A5fl<'>!i< 1 L/Dfei? 

[0 04 2] eCT, C©-^- Y A>U^m:^ s.- 

S£*fflU j$£ (I l±lf ) Sffi£eK$JE©l»fli©4> 
T\ ^©^x-^ffirtrtt. 5l±tfii@[««ff— 5£-C 
&£fre>> ffirt©^ffi©r^#tfJ£^-r&£&B^- 

aK*jffi«c^*sc£#w«-e. c©^£ii£6-rc£ 

^fcb*n«. ^x-^®F«i©.^RS©?^S^4)i^6-ti--S 40 
Ci^HJL, *£atp<i>as©fil£*)e Get J&aJSiSflS 
^©jSflt^JtKG e i©iAG ['C/mm] = lGe-G 



^2000-178099 
12 

£®A5NMtS*>e&£^©Srt^x^?!>5»e,n&J: 
[0 04 3] LfrLtliMh* Ma?bfcct^tC. AGtcU 

s-rs©»^rt^i&©^Aj:6-r. -e©ffe©s$fi*fr©^ 

Lfc„ 

[0044] M&Mtem^t Lt. 3I±- 1 «. 
ftfltiS (HZ - 1 <fT5) 4fffllt, HtS&*§3SiK3 0 
OOGauss, MaHte&K 1 5 r pmil^^f^ 

r. §i±ifasfl[*j«a*»6fi)SK:iif»rs5i±ifjaik* 

LfcJ:5tC. 3Lhtf£S3 0T?. 18-f>fE^^*'3 
2fcMM^ a l~>'J3> ; ?:4 0Kg?-i'-v ; L/. IS6 
*<4<10 0>. liIM6 0cmO->'j3 
>#*Sfi# 1 *3LBf fc. £¥3«i§H Z - 1 tt. tea© 
B«WM4 ©WiKW©HjBEIMr?gi1* 8 
»»H^Tia41l*iKffi3 4©IBI«:HIPBS [mm] *RW 

■?2>CtftXg& 0 HZ-1TB, S = 3 0 mmiCSS 
U t&gktp'bM&ZimG c = 3 . 5 5 1 'C/mm. ft£ 
Jgj2Sfi£JKG e = 3 . 5 5 2°C/mm. AG=0. 0 
OrC/mmilfc. fete. Ctl6©ffittF EMAG 

[0 04 5] C©tS:Htt0 1 ©^RI^ffiatCmL/cJ; 5 

©i*. N-M«©sgi?w¥ffli^oT*ii3, mxmic 
mx&zct&mz. n-m^£«, os 

F«« ( O S F > iO *£tf V - y 9, ^««^W^£ 

i - y 9 *««^»£©Hi©««*ffiUT<,»s. 
WMm$t&nm&*s£v^<Dm^(Dmi&*%i 1 £ 

r--C&S©-C, £©££. ttmccj:^G 

#*j£fi|5g©G#4>& < £ fcfflatwtc^o r t>s c £ z 

[0 04 6] 
[*1 ] 
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iP ft fB it 






CGaiisB ) 


(rpn ) 








3 0 0 0 


I 5 


HZ - 1 


Ell , ^ISN-^ftS 


5IJL-2 


0 


1 5 


HZ- 1 


02. £ffiN-ffl**ititt^ 


9l±-3 


3 000 


5 


HZ-1 




3l±-4 


0 


1 5 


HZ-2 


01. ^BSN-^isS 


3l±-6 


0 


i 5 


HZ-3 




9LL-6 


3 000 


5 


HZ-2 




3LL-7 


3 000 


5 


HZ-3 




gu-a 


3 0 00 


1 5 


HZ-2 


@4, ^ffiN-«« 




3 0 0 0 


1 5 


HZ-3 


04, ±iBN-m 



[0047]^K?l±-2iLT, HZ-Uffflt, 
fltt&a&£0Gau s s, t££l3tBfiKl 5 rpmiH 

St^Kftotlsft:. £©t§,^ £ffiN ft£-i> 

— *Sli*'C»©SK^iEGc£i&i>$tS\ 
fia©Ge*itftlS-eT:i,»*Ci*fiM4. flfiW 
^*Wft«W£8, Gctt/h3<«c0. Ge(tt 

IftitihlfSS. GcltttOft'), Ge«/jN$<«c& 

[0 04 8]^r. 5l±-3©|@R*tf ofc. HZ- 
1 *ttfl§U H&t§3£K3 OOOGauss. &AB«k 
iME5rpm4t>9*frr. 5l±lfi«fl9lfS@Stt*tf o 
fc. c©*S»tt. H3tcS*L,fc«fc5{c. 3l±-2iH« 
tcosF y > ^j&WabKH D£ <fc 5 ftfl-flitcft o r t> 

fc. C©i*£. #K£BN-ffi^£ft£S|3#t;tf!R<. C 
tiVit±m N - £ ft 5 tt&ttfMa ft l » C £ (c % S . 

[0049] ffitB^isiesoBaHfts^tcnfto. *§ 

(HZ) *«fflUr^iBN-««4ftS|ga*«JI«-* 
cittBit-e**. at*|pj^©^Sfi£S«. 5I±-2T 

[0 05 0 ] -eCT\ ^*£Ml/fcB#©N-««BSfl 

^frOSEfbKJ: 0 G^^»T-5©T?**itf , fhtcii 
ITHZ^ML, G*Hffl"*-n««tC>. &ttHZ£@ 

jeuriiatafeff*iEjgi/G*wffls-r*cife?itt'r* 

[0 05 1 ] 5fer«, H^«#iS«:J; 0 . H Z£*&£ 
HE-rntf<tl»©-C. AG€r^ffc3l±4©K:W^ftH5 



{C^3nrt>SIBIBS*SEH0rHZ-2. HZ-3© 
2«R©<Fl*j«jS%J«l«l/. ?l±lf*!fofc e HZ-2 
r«, S = 40mmtC|35£U HZ-3ttt, S = 5 0 

[o 05 2] gi±-4tt. hz- 2 ^mmutci^mm 

±-2 (68*§3£g: OGauss) iHC*#T. 5Lh 

20 HlKifil*. OSF 5 9 HcfcS«fc5«rtSii 

#96tlfc. ?|±-5©*B^«. 2»tCOSF#fll 

*>£M5ESUcn D S <fc 5 ft 0 4 ©<fc <5 t ft -> fc. 
SLk-5©«£tt. ifflN-aKKoaiBSKSrotL 
C<Dltmmm-ClZHZ-2$:®imUXl\±.l-fz><D 

5fta«Wft^c»^*»s c t&-c%i>. 

[0 053J3CK. 3Lk-6« v HZ-2*ftfflLfctl 
30 n«3Lh-3 (M^lHlteiSS: 5rpm) t|s]D^# 
■C. 3l±-7tt. HZ-3*tt«lfcfemtt?l±-3i 

h 2 tease*. ^iN-sws?,*!, ifc'os 

F y >y*JJH»«cWGftc»J:5ft^«f{cftofc. ?i±- 
7©*§^«. Hltejffi^OSF 'J>jWXttlcHC&<fc 
5ft^<fcftofc„ C©Jt89UfcT«. HZ-3£iltR 

[0 054] *fc. 3Lh-8. 3l±-9il/t, 3Lh- 
1 ©*ft («tS8*§3£lK3 OOOGauss) r-HZ- 
40 2. HZ-3^a6fflor?|±tf?>i. S*HI40J: 
^ftMM^Mic&TD^xfc^ft^fCftofco C 
©»^». MCC^S^.?>o -Tftfe^. *S*fr"C5l±lf 
HI4©J:5 ft #^&t ft o fcti^tt . A G *5 0 & fc « 

v-r^-x«:ftori,^©-e. Hz-3*>e.HZ-io* 

ft. Tft*3^. AG*^#<-TS^|fi|K:«FrtflBi*IW5 
[0 055] &±mm htcX *> tc. ^AflNUgWDWB 

50 a>«(Si&«>x-^*«jftr*C4*^Itlitt^A:. 
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[0056] &Lt<omi£tmic> ppmrnaysentfiiBL 
mtrj: ->xm.-fjfa<D±m-c n - mmt ««c & < & r> fc 

i&sj^tc-rny;. g^©;£BT*N-M^£fc&-> 

[0057] lofBLfcct 5 «C. S^fa©£®-CN -«« 

*cr. itfss^t. i&raft&©j!Fi*3ttN& 
twois&^a^wofcw^©. *FAit£©a0:&& 

[0058] jt-j*. ^^^Ji-flWKtKftK-wsaiaiK 
mmm(ommzft<DGictt-rz>&w$:. tmfmcjEmi.c 
ma> 6 n s c z a? i±tf ©$t^e^j?«r s> - * 

[0059] $>z— -o<D3ktt~cm±.tftct£mt. 

CCTiJ. BUfa?l_h- 1 ©^ff'Cv'* 5 U-i^a 
>©JB«fS*ai^«t:5K:&oTt»s. c©£9^b& 
C»©a*tt. «*.«. 5l±lfiES35«ll^©OSF^ 

©sxpi^o^wi. mvjr'&sbtcGfr^m'otiiLtc 
v/Gm<Dfrib&ttMLx. mnix. osFrtfflij©7-< 
>*sv/g©*2> — 3©ffir^$nrcjn«. 4>&<<i 30 

[0060 ] tmttfSjtt. 3fe-T. 6otl>S*fr <3Lt 

- 1 ) v^±.tfim.W4mWi&m\ osFrtu, os 
Fnoa. n (v) /n ( 1 ) mm-. 1 - y w^aiw© 
saw* j: o-g&g-c ©3 i-Bf aav zwmic l t*> 

[0 0 6 1 ] C©V/G£ffio-C£lJ©J|fS©G£jM#G 

(v) /n ( 1 ) ail?, l-'J7?«lWt*fc«J:9 

%UZi£#>tcV/Gfrh, §aiJ?£©£j£©G?:j£|£bT 
C©it£, G©ffijWB*rffi£tfc«t,T. iiSJI* 
3. 7%. V/G©^)©ffl©jg2 (^ffitft© 
f^©&l>|*3ffiij) -C+ 1. 4%i&-p-C*$9. ?l±-2 
©^fr© G ©#flJ#3?s?> ^ c £ tc fc & „ 
[0 06 2 ] C v K L , 
^Ktt^F'glfjS©^?:^, tliO»^lfl>. 
^©5tg*&^iE**>Wntf tililESitc G©^* 50 
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GifiVj -j HCC^c-SJ:^^. T^C*5%AGJ550«:i5< & 

±tfn«. ^rt^jt^©Kit^As^tur*>^MN 

-CJ^±©^Sr-HZ-2©W#f%ffo/c<!:C5, G&iR3 
[0 06 3 ] «±il^«^77a-C. t£JII3K&££Ogl$ 

£© J; 5 &ttf»^{tK:*f-r .&$dffi*H&©fWb«c *>« 

[0 064]^ C©S^[6l^fflN -««£&©&£ 
*lfiJ^©S£^©il^tttC^C»T^SfLfco Hl©t§ltr 
tt£< WIHtt*l<> #^-©&A»lfB-CJbO. 02 

lOivKOSF y >^*^(cHD€)J; i 5 

[0 06 5 ] iC5t, 3l±tf£HC«. a:s$afflj©fc* 

©SSffJ&S Lhtf MMVCDfflffliPh*:- % -j£§B©@* 
©?l±tfjia[V©^K)^f3, cc^ftJCfco-CN-jR 
ttS V/G©©H^6?l-n/cB$iC i/P - > >XR§ 
S. 0*0. 3l±^©AVtC»-r*V/G© 
ffifflA^ttffSn^SAfF^AGlUTfCTn^ N-M 

-M^^©V/G3&^*J*fc£C6. ?l±tf^@W© 
AV [mm/m i n ] fC*tO, AG ["Cl/mm] ^. 
AG= — 6 . 5AV+0. 1 7 8 5 ©M<&5&fr>63c3: 

4tt«Ttc-rn«. N-M^o^fi^r^'v©!^*^^ 

[0 06 6] *ftfi«jCC«?|±lf ^©AV*s 0 . 02 [ m 
m/m i n ] ©B$. *AI¥^AG*5 0 . 0 4 8 5 [*C/ 
mm] WTtc^ti^tSCitCi:?,. -ect?. AG 
555 0. 1 fC/mm] ©<Prt«jg*$J:^*^ (§l± 
-8) iO. 0 2 fC/mm] ©t^F«3^*jJ:C>*^* 
(?l±-9) T\ ^Stt?j[Sl©G©^b?r#^[L.r. 

5. ?l±-8-Ctt0fiC5-CFPD-?>LFPD. LSE 
P9j&*»*LA:3&*. 3l±-9T-tt. ^©MSClOc 
m«P*« - > ^ >^Pi©#«E L & I >*SJI©Wfi£K:j£ 

[0 06 7] ot. &m}-c&m-rzczmcj:2>mi& 

J:^tc. C©#M B B B?l±lf^g3 Ott. 5l±lf^3 1 

?l±tfa!3 ll3{CSWP>n/c;U^*'3 2 t. 
3 2©JlH«:Eg$n/ct-^3 4<t. JU^sK3 2^0 
ls51±S;U^^"«}ffA3 3 acf-t©SHaWt (07n# 
•T) i. i/ 'J 3 >OUSS5 Sr^t 4^- Ff t ^ 
6i, i>- » i?6^r?|±lf^>7^-f 7 t. y^i' 
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tmmzMkmfr'ytf&m-tibtix^z. s/c. b-*3 

4©*HMBHK:B»illM5f 3 5*SE«34VCI»£. 
[0 068 ] #fBPi©Sji#S&K:Hfc>*l8ii*fr 

4©^a«cWK©H«[ISiMIW!M5t8*i9:wrc»s. c© 
SfSWfflBf Mitt 8 B . -€-©TSS £ >; 3 >Hjft 2 ©igffi 

3 t©racc i ~ i o c m©raRis*^wr^g3n-s. 10 
coihhsb. mn,5\±i'fffim&»\'V#<D®m. am 

©SK:J:^t:iBffi-rsci*sr#SL. gijCCgffi&BIBr 

8 sft^mvinttKflMs L/ . r$fik s * wsrr s j; 9 

U ^a©£®?£fi ; S:B#>£>J: J 5K:0-t:<,>-5. 
[0089]*K. ±SE©#ieS3 |±lf«« 3 0 (C cfc £ 20 

•C-> n >©?Slti&£i&flljRf4«Ib£ *U20' 

c> &±tcnoxwmir&. u-rizmzm 

J£JI*XB«»3tf*. *©«, ;1^#G8#«|3 3£®1[ 
©^|S]K:l0l^3lf^iife(c. ■7-f + 7*@<K;5'tfft# 
6*SIKD. «B»5*9l±*f*CitcJ:9. 

30 

[0070] c©*§^. *«ht?b. *mi<Dmtri*m 
tf^3 1 ©»® 3±©*Bs» 1 #©*i*»#©*i-ja£ 

©jaK«jWW8P-c* 5 J; 5 «caHK©H«»iBIWSt*8 * 

[oo7i] f cciPrtaasMatifcft 

fc. 3LBf^3 irt«c««H*»iWHIM5t8*g9:w. c 

<DTimtm.mmm3 t<Dmms*mz.tt 1 ~ 1 0 cm© 
«inB-j-htfj:i>. cortitf. ±eisa4''i>a»» 40 

©SBSJlBGc [•C/mm] £*SaJSi2g|5#©i&K£JB2 
Ge ["C/mm] i©iAG= I Ge~Gc I **fl©^ 

[0072] ajfcjfi^fcs/ y 3 >**sa®i!js^rj£-ci! 
g^n/ci' y ^ >Jg*§afc<fco*c <dis y ^ >$M6s*r* 

&mfin?£BN -««-*?*•). fi^ft^ salt 

©T-^H^rN-M^r-S)!). SEoTFPD. COP 
^©:7a-W>XP§-?>LSEP, LFPD^©g{4^ 
7* ^-fls^i-v^fflrtKimS 50 
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[0073] ±immBmtcmm$ti 
•54>©rBft<,>. ±e»k)»iB. #Krc&9, *»w 

©*SfW1i 3jc©fSBtCieiE;* ftfc&ffl5fim«£3lff WicP 
-ft*to5**IU H««cffffl»***-r*fe©B. <^2» 
ftS &©r£> r *>*ISM©StRWttH«:^3 

[0 074] «*.«" . ±gBH«[0»CC*Jl»-CB. ttS6 

1 6 -i'>^*-5)^B^nj^±©>";3>#ie B ^K:fe®ffl 
fflftsc itJIO £T*kft<,>„ 

[007 5] 

[#£BjJ©$JJH] &L±.mMUtc£ 5K. *^KJ:n«. 
ftS<FW«ii©T'riE«a^B^*WrSi' u 

*sa©5 i±tf bnt -5 B«aw& 

M®^©^«)Cc <fc 0 ^B^tcaflt** U fc»^tc . 

isa«3 i±if -5 c £ *j-c* . =j >jwss© 

±if«5HW©«/Mi±tfaiS3iniB«:atrsAG*s»€. 

K 3cJE 0 "C^iif N - «« £ ft * tefi * ? I±lf * C 
£^oj#fe£ft-ofc„ 

[aM©fs*ft^] 

[HI] &»3l±tf^#ra&iL/ct§^©. V'J3># 
fe****|fiil«:feBS. *SS©S*fttta*«*£L. 91 

[02] Hl©gi±lf*fr*>6*«— ^fr^SttLA:* 

^©«%^-ni^B^miar*s. 

[0 3 ] 0 1 ©3 |±lf *fr*»6S9©* 4— ^fefr*^Ob L 
[04] 0 l©9l±Cf^fr^6ffi©*€.-^^K)L. 

[05 ] *^r-^fflu/cczffi«:j:smteaf i±t«t 

(K©«»iattWH-C*S. 

[0 6] se*©? i±w ^ftttc j: smteaw^ifijKfcw s 

tea©S^rS]{4»*«#£L, JSg»a=cr^lli£Ofcil 

[0 7 ] Se*©?|±lf^Slc*iB-S9l±lf)SS£teaifi 
rt^RI^- ; n7£©M^ ; &^l,fci^B^-c*S <> (A) Slit 
5l±lf©«^. (B) f»3LBf©ti£. (C)<g23l 
±lf©H^= 

[#-^©^BJ] 

i-dES4Msa*. 2 ~s/y =»>■«. 3-«b. 4-- 

8- »t^H?gWffiB^M> 3 0-JMS»?l±*fff. 
3 1 -9Lhtf£. 3 2-*f jK. 3 3 -;l-7^SSi, 




(11) ftffl 2000-178099 

19 20 
34-t-$, 3 5-iiW, 3 6-«E. S-SHHi *-N-««. OR-OSFtW*. I - I-'J»«WI 
S^WSiSr^T^^Rim V-V-'Jy?««, N* (L/D«) . 
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